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INTRODUCTION 
Nanofibres produced by electrospinning technique have 
shown enormous potential for applications in filtration, 
bio-technology, composites, energy generation, and 
energy storage. However, nanofibre products are mostly 
restricted to randomly-orientated nonwoven webs/mats.    
Converting nanofibres into yarns would considerably 
improve their strength, handling, storage and subsequent 
processing ability. Nanofibre yarns have been prepared by 
several methods. For example, non-solvent liquid [1] has 
been utilized as collector to convert a nanofibre web into 
yarns. However, such yarns have problems with fused and 
beaded nanofibres, and they also require an additional 
drying process. Solid collector [2] can produce properly 
dried nanofibres with effective control over twist, but 
nanofibres are affixed to solid collector, inflicting damage 
to nanofibres, thus reducing the overall yarn production.  
In our lab, a modified needle electrospinning setup has 
been developed to prepare highly-twisted nanofibre yarns 
using an intermediate rotating collector [3] . This method 
substantially reduced fibre damage and improved yarn 
quality. Nevertheless, the yarns are collected from the 
same zone as that of electrospinning, which resulted in 
deposition of some un-stretched and hooked nanofibres 
on already twisted yarn and winder. These hooked and 
un-stretched nanofibres deteriorated overall yarn strength 
and quality. 
In this work, nanofibre yarns were electrospun using a 
novel ring collector which separated fibre spinning and 
yarn winding in two regions.  
 
APPROACH 
A purpose built cylindrical ring was used to whirlpool 
nanofibres and twist them into a continuous nanofibre 
yarn, as shown in the Figure 1. 16% PVDF-HPF solution 
in a mixture of Acetone and DMF (volume ratio, 1:1) was 
electrospun by two needle-based electrospinning nozzles 
near the inner edge of the ring collector. Fast rotating ring 
collector pulled the nanofibres to pass through the ring 
collector, which were transferred and twisted into 
nanofibre yarn on the other side of the ring. 
 
RESULTS AND DISCUSSION 
The needle nozzles were placed along the ring collector in 
such a way that nanofibres generated by the two nozzles 
deposited on ring collector. When ring collector was 
stationery the fibres got deposited on its inner surface. As 
soon as the ring collector started rotating, no further 
deposition occurred on the ring, instead nanofibres started 
whirling inside the ring collector. These fast rotating 
nanofibres passed through the ring collector under the 
influence of air flow which was generated by an exhaust 
fan installed at top of electrospinning setup. 
 
 
 
 
 
 
 
 
Figure 1 Setup for production of nanofibre yarns. 
On reaching other side, nanofibres slowly lost momentum 
and converged as nanofibre cone on the top of the ring. 
The top edge of cone was rotating slowly with reference 
to the bottom edge attached to ring. This relative 
movement introduced twists to the fibre bundle. The 
twisted yarn was taken by the winder while lower part of 
cone was still connected to the ring collector. In this way, 
nanofibre yarn was produced continuously. 
As the newly generated nanofibres were deposited inside 
the fibre cone, no astray fibres were found on the yarn 
surface. It was worth noting that as nanofibres were 
produced in the lower zone and they were drafted while 
coming through the ring collector, almost all of the fibres 
were aligned along the yarn axis at an angle of 6o as 
shown in the Figure 3 (c). Only few fibres could be seen 
going out of the alignment. These nanofibres were broken 
from the fibre cone and went out on surface. 
The average diameter of the nanofibre yarn was 99.94 
m, and the average diameter of the nanofibres was 239 
nm. The diameter distribution in yarn was mostly 
concentrated, between 98 to 104 m, whereas the 
diameter distribution of the nanofibres was in the range 
between 180 nm to 270 nm as shown in the histogram in 
Figure 3 (a) and 3 (b).  
 
 
  
 
 
 
 
 
Figure 2 Electrospun nanofibre yarn produced by novel 
ring collector, inset magnified view of same yarn. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Histograms showing the diameter distribution of 
(a) nanofibre yarns, (b) nanofibres and (c) deviation angle 
of nanofibre from yarn axis. 
 
It was found that nanofibres produced by this method 
were fully dried and had very good fibre alignment in 
final nanofibre yarn.  
The tensile properties of the nanofibre yarn produced by 
the novel ring collector were determined. As shown in 
Figure 4, the tensile strength of the nanofibre yarn was 
51.40 MPa and the elongation at break was 257.6%.  Both 
the tensile strength and elongation at break exceeded the 
maximum value of aligned PVDF-HPF nanofibre-web-
strip produced by needle electrospinning using the same 
solution, approximately, 38 MPa and 198% respectively 
[3].   
 
 
 
 
 
 
 
Figure 4 Stress-strain curve of the nanofibre yarn 
produced. 
 
CONCLUSION 
A novel nanofibre yarn spinner has been developed using 
two needle-based electrospinning nozzles and a ring 
collector. Our work indicated that PVDF-HFP nanofibre 
yarns produced from 16% PVDF-HFP solution had an 
average diameter of 99.94 m and the nanofibres inside 
the yarn had an average diameter of 239 nm. The 
nanofibres in the yarn were well aligned with a surface 
twist angle of 6o along yarn axis. The yarn showed 
improved mechanical properties compared to the 
nanofibre web electrospun from the same polymer 
solution.  
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